A Gram-stain-negative, aerobic, chemoheterotrophic, yellow, non-motile and flexirubin-positive bacterium, designated strain IMCC12008 T , was isolated from coastal seawater of the Yellow Sea and subjected to polyphasic taxonomy. Optimal growth was observed at 25 6C, pH 7.0 and in the presence of 2 % (w/v) NaCl. Based on 16S rRNA gene sequence analysis and subsequent phylogenetic analyses, strain IMCC12008 T belonged to the genus Ulvibacter of the family Flavobacteriaceae, with Ulvibacter antarcticus IMCC3101 T (96.0 %) and Ulvibacter litoralis KMM 3912 T (95.8 %) having the highest sequence similaries. The major fatty acids were iso-C 15 : 0 (26.2 %) and iso-C 15 : 1 G (10.5 %). The DNA G+C content was 38
The genus Ulvibacter belongs to the family Flavobacteriaceae (Reichenbach, 1989; Bernardet et al., 2002; Bernardet & Nakagawa, 2006) , one of the largest phylogenetic groups within the phylum Bacteroidetes (Garrity & Holt, 2001 ). The genus currently comprises only two species and it was first proposed by Nedashkovskaya et al. (2004) who isolated a bacterial strain from the green alga Ulva fenestrata. The second species of the genus, Ulvibacter antarcticus, was isolated by Choi et al. (2007) from Antarctic coastal seawater. The genus Ulvibacter is characterized by being Gram-stain-negative, flexirubin-positive and chemoheterotrophic with rod-shaped cells with MK-6 as the major respiratory quinone. In the present study, strain IMCC12008
T is described as a representative of a novel species of the genus Ulvibacter based on phenotypic and genotypic characterization.
Strain IMCC12008
T was isolated from a surface seawater sample collected off the coast of Incheon, Yellow Sea (37 u 269590N 126 u 359 930), using a standard dilutionplating method on marine agar 2216 (MA; BD Difco) after 3 weeks of incubation at 20 u C. After its optimum growth temperature had been determined, cultures of strain IMCC12008
T were maintained routinely on MA or marine broth (MB; BD Difco) at 25 u C and preserved as glycerol suspensions (20 %, v/v) at 280 u C. For physiological and chemotaxonomic comparisons between strain IMCC12008 T and two reference strains of the genus Ulvibacter, Ulvibacter litoralis KCTC 12104 T was obtained from the Korean Collection for Type Cultures (KCTC) and Ulvibacter antarcticus IMCC3101
T was revived from a lyophilized stock.
Genomic DNA extraction, PCR amplification and sequencing of the 16S rRNA gene were performed as described previously (Cho & Giovannoni, 2004) . The resulting nearly full-length IMCC12008 T sequence (1407 bp) was then aligned with the nearest phylogenetic relatives using the ARB software package (Ludwig et al., 2004) ; only unambiguously aligned nucleotide positions were used for phylogenetic analyses. Comparisons with 16S rRNA gene sequences deposited in GenBank by BLAST (Altschul et al., 1997) and on the EzTaxon-e server (Kim et al., 2012) indicated that strain IMCC12008
T was most closely related to U. antarcticus IMCC3101 T (96.0 % sequence similarity) and U. litoralis KMM 3912 T (95.8 %) . No other species in the family Flavobacteriaceae exceeded 95 % 16S rRNA gene sequence similarity with strain IMCC12008 T . Phylogenetic trees were reconstructed by three tree-generating algorithms that are programmed in MEGA5 (Tamura et al., 2011) : neighbourjoining (Saitou & Nei, 1987) with Jukes-Cantor correction (Jukes & Cantor, 1969) , maximum-parsimony (Fitch, 1971) and maximum-likelihood (Felsenstein, 1981) . The robustness of the phylogenetic trees was confirmed by bootstrap analyses based on 1000 random resamplings of the sequences. In all the phylogenetic trees, strain IMCC12008
T and the two recognized species of the genus Ulvibacter constituted a robust clade that was well separated from other genera in the family Flavobacteriaceae, confirming the affiliation of strain IMCC12008
T to the genus Ulvibacter (Fig. 1) . Furthermore, the 16S rRNA gene sequence of strain IMCC12008
T showed less than 97 % similarity (Stackebrandt & Goebel, 1994) with that of the available type strains of the genus Ulvibacter, suggesting that strain IMCC12008
T represents a novel genomic species of the genus Ulvibacter.
For phenotypic characterization, strains IMCC12008 T , U. litoralis KCTC 12104 T and U. antarcticus IMCC3101 T were grown on MA or in MB at 25 u C. All the phenotypic tests, except those carried out to determine the temperature range and optimum temperature for growth, were performed at 25 u C for 3 days. Cell morphology was investigated by phase-contrast (80i; Nikon) and transmission electron microscopy (CM200; Philips), after the cells were negatively stained with 2.0 % (w/v) uranyl acetate. Flagellarbased motility was examined using wet mounts by the hanging drop method. Gliding motility was determined from phase-contrast microscopy of cells that were incubated for 24 h on microscope slides coated with MA (0.7 % agar), according to the method described by Bowman (2000) . The temperature range and optimum temperature for growth and the pH range and optimum pH over which growth occurred were determined in artificial seawater medium (ASW; Choo et al., 2007) supplemented with 0.5 % (w/v) peptone and 0.1 % (w/v) yeast extract at 4-42 uC (4, 10, 15, 20, 25, 30, 37 and 42 u C) and at pH 5.0-10.0 (at 0.5 pH unit intervals). The pH was adjusted using the following buffering system; MES pH 5.0-6.0, MOPS pH 6.5-7.0, HEPES pH 7.5-8.0, Tris pH 8.5-9.0 and CHES pH 9.0-10.0. Growth with 0-5 % (w/v) NaCl (at intervals of 0.5 %) and 5.0-15.0 % (w/v) NaCl (at intervals of 2.5 %) was determined in NaCl-free ASW amended with 0.5 % peptone and 0.1 % yeast extract. The increase in the turbidity of cultures was determined using spectrophotometry (Optizen 2120UV; Mechasis). The Gram-reaction was performed using a Gram staining kit (bioMérieux). Growth under anaerobic conditions was examined using the MGC anaerobic system (Mitsubishi Gas Chemical) for 2 weeks on MA. Production of H 2 S was investigated using triple-sugar iron agar (BD Difco) supplemented with 2.0 % (w/v) NaCl. The presence of flexirubin-type pigments was determined by the bathochromatic shift test with 20 % (w/v) KOH solution. Cellular pigments were extracted with acetone/methanol (1 : 1, v/v) and the absorption spectra were examined using a UV-visible spectrophotometer (Optizen 2120UV; Mechasis). Degradation of macromolecules was tested by incubating cultures at 25 u C for 4 weeks on MA containing various macromolecules, and was determined based on the formation of clear zones around colonies after applying suitable staining solutions (Tindall et al., 2007) . The following macromolecules were tested: casein ( DNA was evaluated using DNase test agar (BD Difco) fortified with 2.0 % (w/v) NaCl. Other biochemical tests and carbon-source oxidations were determined using API 20NE, API ZYM (bioMérieux) and GN2 microplates (Biolog), by following the manufacturers' instructions with the exception of incubation temperatures, using bacterial suspensions in ASW as inocula. Susceptibility to antimicrobial agents was determined using the disc diffusion method (Jorgensen et al., 1999) , with cells incubated for 4 days at 25 u C on MA using the following antibiotic discs (Oxoid) (mg per disc): ampicillin (10), chloramphenicol (30), erythromycin (15), gentamicin (10), kanamycin (30), nalidixic acid (30), rifampicin (30), tetracycline (30) and vancomycin (30). Bacterial cells were considered to be susceptible to antibiotics if the diameter of the inhibition zone was .10 mm and resistant if diameters were ,10 mm. The physiological, morphological and biochemical characteristics of strain IMCC12008 T are listed in Table 1 and in the species description. The differential characteristics between IMCC12008
T and two species of the genus Ulvibacter are also shown in Table 1 . Cells of strain IMCC12008
T were Gram-stain-negative, chemoheterotrophic, strictly aerobic, non-motile, non-gliding, flexirubin-positive, yellow and rod-shaped. An absorption spectral peak of cellular pigments was only observed at 471 nm. A transmission electron micrograph is shown in Fig. S1 (available in the online Supplementary Material).
The DNA G+C content was analysed with an HPLC-based method (Mesbah et al., 1989 ) with a reversed-phase C18 column (5 mm, 15 cm664.6 mm; Supelco). Cellular fatty acid methyl esters were extracted and prepared from cultures grown on MA at 25 u C for 4 days, and analysed according to the method described by the Sherlock Microbial Identification System version 6.1 (MIDI) using the TSBA6.1 database. At the time of harvesting biomass, to minimize the effect of age, colonies grown on almost the same sector from quadrant streaks on MA were selected and used for fatty acid extraction. For detection of the respiratory quinones, isoprenoid quinones were extracted using TLC, as described earlier by Minnikin et al. (1984) and analysed by HPLC (Collins, 1985) . Polar lipids were extracted from lyophilized bacterial cells and examined using two-dimensional TLC. Total polar lipids were detected by spraying with molybdophosphoric acid, and specific functional groups containing lipids were detected with the following spraying reagents: ninhydrin for free amino groups; molybdenum blue for phosphorus-containing lipids; a-naphthol for sugars and Dragendorff's solution (Minnikin et al., 1984) for quaternary nitrogen.
The DNA G+C content of strain IMCC12008 T was 38.1 mol%, which is very similar to those of the genus Ulvibacter (36.7-38.0 mol%; Nedashkovskaya et al., 2004; Choi et al., 2007) . The respiratory quinone detected in the strain was menaquinone-6 (MK-6), the major quinone generally found in members of the family Flavobacteriaceae.
The polar lipids found in strain IMCC12008
T were phosphatidylethanolamine (PE), two unknown aminolipids, an unknown aminophospholipid and two unknown polar lipids, which were generally similar to those of other members of the genus Ulvibacter, but slightly different due to the presence of aminophospholipid and the different chromatographic position of unknown lipids (Fig. S2) . The major cellular fatty acids in strain IMCC12008
T were iso-C 15 : 0 (26.2 %), iso-C 15 : 1 G (10.5 %), C 20 : 4 v6,9,12,15c (10.4 %) and anteiso-C 15 : 0 (10.3 %) (Table 2) , which were generally similar to those in the two reference strains of the genus Ulvibacter, but the proportions of polyunsaturated fatty acids (C 20 : 4 v6,9,12,15c; 10.4 %) and anteiso-C 15 : 0 (10.3 %) clearly differentiated strain IMCC12008
T from the two strains of species of the genus Ulvibacter.
The formation of a robust phylogenetic clade with members of the genus Ulvibacter (Fig. 1) , similarities in DNA G+C contents, quinones, polar lipids and fatty acids, as well as 16S rRNA gene sequence similarities of less than 97 % with the available species of the genus Ulvibacter suggest that strain IMCC12008
T represents a novel genomic species of this genus. In addition, phenotypic characteristics including the temperature range and optimum temperature for growth, hydrolysis of macromolecules and enzyme activities, differentiated strain IMCC12008
T from U. litoralis KMM 3912 T and U. antarcticus IMCC3101 T . Conclusively, strain IMCC12008 T should be assigned as a representative of a novel species within the genus Ulvibacter, for which the name Ulvibacter marinus sp. nov. is proposed.
Description of Ulvibacter marinus sp. nov.
Ulvibacter marinus (ma.ri9nus. L. masc. adj. marinus of the sea, referring to the sample from which the type strain was isolated).
Cells are rod-shaped (0.5-0.661.3-1.5 mm), Gram-stainnegative, chemoheterotrophic, oxidase-and catalase-positive, strictly aerobic, yellow and non-motile. Flexirubin-type pigments are positive. After 3 days of incubation on MA at 25 u C, colonies are circular, convex, shiny, viscous with entire edges, and approximately 1.0 mm in diameter. Growth occurs at 4-37 u C (optimum 25 u C), pH 6.0-8.5 (optimum pH 7.0) and 0.5-6.0 % (w/v) NaCl (optimum 2.0 %). Starch, CM-cellulose and casein are hydrolysed, but colloidal chitin, elastin and DNA are not hydrolysed. H 2 S is not produced. An absorption spectral peak of cellular pigments is observed only at 471 nm (as a monopeak). Negative for nitrate reduction, indole production, glucose fermentation, arginine dihydrolase, urease, aesculin hydrolysis, PNPG (b-galactosidase) and gelatinase (with API 20NE). With API ZYM, positive for alkaline phosphatase, esterase (C4), leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin and acid phosphatase, but negative for esterase lipase (C8), lipase (C14), naphthol-AS-BI-phosphohydrolase, Gliding motility* -+ -Temperature range for growth (optimum) ( u C)* 4-37 4-36 3-25 Growth with NaCl (%, w/v)* 0.5-6 1-6 1-3 Nitrate reduction -+ -Liquefaction of gelatin and aesculin -+ + b-Galactosidase activity -+ -Hydrolysis of: nalidixic acid, but resistant to gentamicin and kanamycin. The major cellular fatty acids are iso-C 15 : 0 , iso-C 15 : 1 G, C 20 : 4 v6,9,12,15c and anteiso-C 15 : 0 . The isoprenoid quinone detected is MK-6. The polar lipids are phosphatidylethanolamine, an unknown aminophospholipid, two unknown aminolipids, and two unknown polar lipids.
The type strain is IMCC12008 T (NBRC 109484 T 5KCTC 32322 T ), isolated from surface seawater off the coast of Incheon, Yellow Sea, Korea. The genomic DNA G+C content of the type strain is 38.1 mol%. 
